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ABSTRACT OF DMA PROJECT

MOMENTARY ENDURANCE:
THE EFFECTS OF MOUTHPIECE PRESSURE
AND CAPILLARY REFILL TIME
ON SHORT-TERM MUSCLE RECOVERY
IN TRUMPET PLAYERS
The topic of proper mouthpiece pressure usage has been widely pushed off to the margins
of trumpet pedagogy, only receiving the passing mention in a limited number of method
books. This research paper contains a cross sectional view of the few, but most
prominently used method books in the trumpet community that shows the prevalence of
this issue, as well as steps to bring in new and useful information in this field. There are
several aspects of mouthpiece pressure that should be studied; however, this paper
focuses on its connection to momentary endurance and capillary refill time.
Momentary endurance is a term that references any brass player’s ability to quickly
recover stamina during short periods of rest and how long a player can continually play
before needing such rest. This phenomenon is something brass players deal with on a
regular basis and varies widely from person to person. There are many ways future
researchers could seek to understand this variation, but I propose that the most logical
approach would be through the study of capillary refill times.
Capillary refill time is a medical term that describes the duration of blanching when
pressure is applied and relieved from soft tissue. Blanching is the discoloration of the soft
tissue due to lack of blood flow through the capillaries. Brass players are familiar with
this occurrence in their own playing through the “white ring” that appears on their lips
after removing their mouthpiece from their embouchure. The ring quickly fades back to
the skin’s normal state, but at a rate that is unique to that individual. This variation in
capillary refill time may have a direct correlation to the amount of mouthpiece pressure
being used, as well as to the amount of momentary endurance a player can regain during
brief playing rests.

KEYWORDS: Mouthpiece Pressure, Capillary Refill Time, Momentary Endurance,
Trumpet Pedagogy, Trumpet Performance
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CHAPTER ONE
INTRODUCTION TO MOMENTARY ENDURANCE
The physical demand placed upon brass players on a daily basis is near the
forefront of concerns in the minds of both performers and educators. Numerous method
books address this performance aspect from different angles, generally with one of two
primary goals in mind: muscle strength and muscle efficiency. Each of these can be
successfully addressed in various ways, with often one method being more effective than
another depending on the anatomy of the player. A physical approach on muscular
strength in brass players often follows a brute-force process and lacks the foundation of
scientific research that other physical and athletic activities benefit from. Comparisons
can certainly be drawn from these studies conducted on larger muscle groups; however,
no previous studies have taken into account the biological process known as capillary
refill time with regard to momentary endurance.
DEFINING THE TYPES OF ENDURANCE
A performer’s endurance can be described based on two different categories:
momentary endurance and long-term endurance. Long-term endurance defines the length
at which a performer can play over an extended period of time while still maintaining
minimum standards of tone production, flexibility, and response. This time varies greatly
depending on a number of factors: age, experience, efficiency, and equipment, to name a
few. Momentary endurance is the length of time that a player can keep the mouthpiece in
constant contact with their face before sound production ceases and a brief respite is
required. This can be likened to a runner’s ability to run a marathon, whereas momentary

1

endurance would be the runner’s ability to sprint a 100-meter dash, briefly rest, and then
sprint another 100-meter dash.
Both of these categories of endurance can be enhanced through practicing;
however, it is undeniable that there is a large discrepancy among people of the same age
and experience group in their momentary endurance. Some performers have better
momentary endurance and a quicker recovery time than others, but no current research
offers an explanation. Many unknown factors are at play in this type of scenario;
however, there is a possibility that the key to further understanding this condition is
through the documentation and analysis of mouthpiece pressure, capillary refill time, and
the connection between them.
DEFINING CAPILLARY REFILL TIME
Capillary refill is the process of blood returning to the surface capillary bed after
external pressure is supplied to produce blanching and then released. Capillary refill time,
or CRT, is the measured duration for this process to complete. A number of studies exist
discussing the practical applications of measuring an individual’s CRT, among them tests
for shock and dehydration.1 Studies have also been conducted to show the effectiveness
of CRT as a useful indicator in other medical diagnoses.2 Interestingly, while several

D. L. Schriger and L. Baraff, “Defining normal capillary refill: variation with age, sex,
and temperature,” Annals of emergency medicine 17(9) (1988): 932–935.
2
A. Pickard, W. Karlen, and J. M. Ansermino, “Capillary refill time: is it still a useful
clinical sign?,” Anesthesia & Analgesia113(1) (2011): 120–123.
1
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articles study the effects of blood flow restriction in varying-intensity exercises, no
studies examine the effect of CRT on muscle fatigue or recovery.3
The physical activity of playing any brass instrument produces blanching of the
lips,4 as can readily be observed from the white ring left behind from the mouthpiece
pressure. Currently, there are no pedagogical practices in place that address this white
ring phenomenon as it is often dismissed as a simple byproduct of sound production.
Mouthpiece pressure is addressed in several pedagogical writings; however, there are
conflicting viewpoints on the subject of how much pressure should be applied. Some
methods prefer little, or even no pressure while playing,5 while others allow for a larger
spectrum of pressure usage.6
There are a limited number of devices on the market that enable performers and
researchers to measure the amount of mouthpiece pressure being used while playing the
trumpet. Researchers at the Texas Center for Music and Medicine (TCMM) were able to
successfully record the specific levels of mouthpiece pressure in twenty-three
individuals.7 This project, however, did not address the specific problem this dissertation

C. Evans, S. Vance, and M. Brown, “Short-term resistance training with blood flow
restriction enhances microvascular filtration capacity of human calf muscles,” Journal of
sports sciences 28(9) (2010): 999–1007.
4
Blanching, from the French “blanc” for “white,” is a condition that occurs when skin
becomes pale in appearance. This is commonly caused by a temporary obstruction of
blood flow.
5
N. W. D’Ath, Cornet playing (London: Boosey and Hawkes), 1960.
6
H. L. Clarke, Setting up drills (New York: Carl Fisher), 1970.
7
K. Devroop and K. Chesky, “Comparison of biomechanical forces generated during
trumpet performance in contrasting settings,” Medical Problems of Performing Artists
17(4) (2002): 149–154. Available at:
https://www.sciandmed.com/mppa/journalviewer.aspx? issue=-1&year=2002 (Accessed
May 5, 2021).
3

3

seeks to focus on. Through collaboration with Pickett Brass and Blackburn Trumpets,8 I
created a device that will allow a player to experience a near-unaltered playing
experience while still being able to record the force exerted on the facial tissues. This
device uses a three-piece mouthpiece design in conjunction with a Baseline 12-0203
Pinch Gauge.

Figure 1. Mouthpiece Pressure Gauge by Taylor Gustad.

8

Pickett Brass LLC is a Lexington, KY based company that produces custom brass
instrument mouthpieces and Blackburn trumpets. For more information, visit
https://www.pickettblackburn.com.
4

Another device, currently available for purchase from the manufacturer, is Bonsai
Systems’ QuantiForce Brass.9 The QuantiForce Brass interfaces with a mobile device to
display pressure and angular force in real time to the user. Players are able to use their
own mouthpieces with this setup, providing a more familiar playing experience than the
Mouthpiece Pressure Gauge. The advantages and disadvantages of each device will be
discussed in greater detail in the third chapter.

“QuantiForce Brass LIVE,” Sensors for Brass Instruments - Bonsai Systems Store,
Accessed October 21, 2020, https://store.bonsai-systems.com/en/16-quantiforce-brass.
9

5

CHAPTER TWO
OVERVIEW OF TRUMPET METHOD BOOKS
AND PREVIOUS STUDIES
Considering the emphasis on mouthpiece pressure discussions in typical trumpet
pedagogy, there are only a small number of method books that discuss the issue. Included
in this survey were twenty-five method books that include the most widely used and
several less commonly seen. Of these twenty-five, only six contain instructions for the
application of mouthpiece pressure, and of these, the Norman D’Ath method book for
Cornet Playing is the only one that specifically says to use little-to-no mouthpiece
pressure. The remaining five method books have minimal discussions on the matter,
primarily advising players to use a minimal, yet necessary amount of pressure.

6

METHOD BOOKS BY AUTHOR
CONTAINING NO MENTION
OF MOUTHPIECE PRESSURE
Anderson, Cat
Trumpet Method
Clarke, Herbert L.
Technical Studies for the Cornet
Cichowicz, Vincent
Trumpet Lyrical and Flow Studies
Concone, Giuseppe
Lyrical Studies for Trumpet or Horn
Gekker, Chris
24 Studies
Endurance Drills
Goldman, E. F.
Practical Studies for the Trumpet
Lin, Bai
Lip Flexibilities for All Brass Instruments
McNeil, John
The Art of Jazz Trumpet
Rudd, Wiff
Collaborative Practice Concepts for Trumpet
Sachse, Ernst
100 Studies
Schlossberg, Max
Daily Drills and Technical Studies for Trumpet
Shuebruk, Richard
The Complete Shuebruk Tongue Trainers for Trumpet
Snedecor, Phil
Lyrical Etudes for Trumpet
Tauber, Philip
Modern Jazz Trumpet
Thompson, James
The Buzzing Book
Vizzutti, Allen
Technical Studies
Harmonic Studies
Melodic Studies
The above table contains the method books that were reviewed and contained no
mention of momentary endurance. Many of the industry’s leading trumpet method
publications are found in this list. It is likely that the omission of mouthpiece pressure is

7

either a conscious or subconscious acknowledgement of the complexity and nonstandardized beliefs that surround the field of trumpet teaching in this regard.
Of the books reviewed, these five contained varying degrees of insight into
mouthpiece pressure: Jean-Baptiste Arban:10 Complete Conservatory Method for
Trumpet; Herbert L. Clarke: Setting Up Drills; Charles Colin Advanced Lip Flexibilities;
Norman W. D’Ath: Cornet Playing; and Earl Irons: Twenty-Seven Groups of Exercises
for Cornet and Trumpet. Each author or editor, with the exception of D’Ath, made
passing comments about pressure without delving too deeply into the subject.

Norman W. D’Ath—Cornet Playing
Norman W. D’Ath wrote Cornet Playing in 2016 with a forward from Frank
Wright, a mid-twentieth-century British Brass Band solo cornetist.11 D’Ath’s premise is
based around the concern outlined in his introductory chapter:
Not so long ago, most brass players employed a system in which, as they
ascended to the upper register of their instrument, the mouthpiece tended
to be forcibly pressed against the lips. In this way was achieved the
smaller aperture required when producing high notes. Such pressure, quite
understandably, stopped the circulation of the blood to the lips in the same
way that a string tied tightly round a finger will rapidly cause the finger to
become numb.12

Understandably, D’Ath makes valid observations about the overuse of pressure. This
sentiment is shared in the other method books that discussed pressure, though D’Ath,

The edition annotated by Claude Gordon discusses Arban’s perspective on mouthpiece
pressure.
11
Dennis Taylor, English Brass Band and Their Music, 1860–1930 (Cambridge Scholars
Publishing, 2011). 26.
12
Norman W. D’Ath, Cornet Playing, London: Boosey and Hawkes, 1960.
10
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unlike the other authors, goes on to promote the use of “no pressure.” This concept goes
far beyond the teachings of other prominent method books, who instead promote using as
little mouthpiece pressure as is needed, but not less. D’Ath is the most outspoken writer
on mouthpiece pressure, but his method book is not nearly as widely circulated as the
other sources included in the list.

Jean-Baptiste Arban—Complete Conservatory Method for Trumpet
Claude Gordon provides his own commentary on the use of mouthpiece pressure
as described by Arban. In his Complete Conservatory Method for Trumpet, Arban
dedicates this small paragraph in the introduction to the discussion of mouthpiece
pressure:

In order to produce the higher notes, it is necessary to press the instrument
against the lips, so as to produce an amount of tension proportionate to the
needs of the note to be produced; the lips being this stretched, the
vibrations are shorter, and the sounds are consequently of a higher
nature.13

As Claude Gordon states in a footnote to this paragraph, “for years it was the
opinion that the lips produced the higher notes, and so, the theory of stretched lips and
shorter vibrations. It is now known that this is not true—the tongue controls the pitch
changes.”14 Gordon, and perhaps Arban to some extent, have taken firm black-and-white
stances on how higher notes are obtained, either by lip vibration or tongue position.
Gordon’s stance on tongue positioning is reinforced by researchers’ findings, most
13

Jean-Baptiste Arban, Complete Conservatory Method for Trumpet, ed. Claude Gordon
(New York: Carl Fischer, 1982), 7.
14
Ibid.
9

recently by Dr. Marisa Youngs in her dissertation, The Language of Music.15 Dr. Youngs
observed through a live ultrasound feed that trumpet players that raised their tongue
while ascending in register had more success in the upper register than those that did not.
Unlike Gordon, Dr. Youngs 'observation does not mention mouthpiece pressure.

Herbert L. Clarke—Setting Up Drills: (Calisthenic Exercises) for the Trumpet
Herbert L. Clarke’s method book entitled Setting Up Drills: (Calisthenic
Exercises) for the Trumpet16 contains a forward where he discusses the basics of setting
up a regular embouchure:
The upper lip being the sensitive one, should never be abused by using the
most pressure upon it. If you must use pressure, and it is necessary at
times, especially when playing very loud and in the upper register, confine
it to the lower lip, which will stand more abuse without tiring, and this
allows the upper lip to vibrate naturally. Don’t tie it up with too much
pressure, which will stop the vibration, become numb and cause all kinds
of disappointments.17

Clarke’s view on the use of mouthpiece pressure closely resembles Arban’s in that more
pressure is a requirement in certain situations. He goes a step further, however, by
specifying how to properly apply increased pressure so that the player can avoid any
negative side-effects.

Marisa Youngs, “The Language of Music: Linguistics in Trumpet Pedagogy.” Doctoral
Dissertation, University of Kentucky (2018), 55–58.
16
Herbert L. Clarke, Setting Up Drills: (Calisthenic Exercises) for the Trumpet (New
York: Carl Fischer, 1929).
17
Ibid., 4.
15

10

Charles Colin—Advanced Lip Flexibilities
Dr. Charles Colin, author of the three-volume series, Advanced Lip Flexibilities,
prefaces his first volume with several sections addressing different areas he deems
important. The first section, entitled “Fear Unnecessary,” has this to say about the
relationship between the diaphragm and the mouthpiece: “the benefit to diaphragmatic
development is that the pressure taken away from the mouthpiece is transferred to the
diaphragm muscles.”18 Discussing the physiological function of the diaphragm goes
beyond the scope of this study, however the underlying concept of what Colin is saying
does not. Colin is inferring that an increase in air support, regardless of the source, will
lessen the need for increased mouthpiece pressure. This theory is in contradiction to the
beliefs held by Arban and Clarke and more in line with Gordon’s.
This illustrates the importance of a study such as mine. There is an obvious
disconnect among noted educators in the trumpet community about the application of
mouthpiece pressure. Through a carefully devised scientific method, meaningful data
could be collected and analyzed to direct future educators in the proper direction.

Earl Irons—Twenty-Seven Groups of Exercises for Cornet and Trumpet

Earl Irons is the final book in this review that contains mentions of mouthpiece
pressure in any capacity. Much like Colin, Clarke, and Arban, Irons has very little to say
on the subject: “Do not play higher than the embouchure will stand. Do not use excessive

18

Charles Colin, Advanced Lip Flexibilities (New York: Charles Colin Music, 1980), 3.
11

pressure.”19 This excerpt is the most succinct statement that unifies the bulk of Irons’
opinions on mouthpiece pressure.
Irons elaborates later in his method book in the prelude to the twenty-fifth
grouping of exercises:
It is hoped that judgment will be exercised in playing the extreme high
tones of Group 25. These tones should not be practiced too soon nor too
often. If the student cannot play F and G above high C—without undue
strain or pressure it is better not to attempt those tones at all.20
The extreme upper register is what Irons is concerned with in regards to mouthpiece
pressure, not the much more commonly played upper, middle, and lower registers. He is
more concerned with the safety of the student than with imparting wisdom on the use of
everyday mouthpiece pressure.

PREVIOUS STUDIES IN CRT
My bibliography features an in-depth look at the current scholarly research
published on capillary refill. A majority of these publications deal with the use of CRT in
neonate and early-childhood development, while others discuss effective ways for
measuring CRT, taking into consideration age, sex, ambient temperature, and other
external factors. These studies will be of particular use when collecting and analyzing

data from the wide array of participants. Included in the bibliography is also scholarship
that refutes the usefulness of CRT so that existing concerns and skepticism can properly
be addressed.

19

Earl Irons, Twenty-Seven Groups of Exercises for Cornet and Trumpet (San Antonio,
Texas: Southern Music Company, 1966), 2.
20
Ibid., 20.
12

PREVIOUS STUDIES IN MOUTHPIECE PRESSURE
The most notable research concerning mouthpiece pressure was done at the
University of North Texas by Karendra Devroop and Kris Chesky in 2002. In their
article, “Comparison of biomechanical forces generated during trumpet performance in
contrasting settings,” they used a custom Trumpet Sensor System that measured
mouthpiece force and angle.21 The focus of the study was to measure the amount of
mouthpiece pressure and intra-oral pressure used by performers to assess the increased
risk this might pose for playing-related injuries.
The QuantiForce device measures both mouthpiece pressure and angular pressure
in a similar way to that used at the University of North Texas. Despite the music industry
now having access to this kind of scientific equipment for personal use, there has been no
more research conducted on the effects and uses of mouthpiece pressure. This is likely
because there is no established pedagogical knowledge base for how information like this
could be used.

Karendra Devroop and Kris Chesky, “Comparison of Biomechanical Forces Generated
during Trumpet Performance in Contrasting Settings,” Medical Problems of Performing
Artists 17, no. 4 (December 2002): 149–54.
21
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CHAPTER THREE
EXPERIMENTAL DESIGN AND DATA COLLECTION
In order to gather meaningful data for this experiment, detailed procedures should
be put in place prior to data collection. Participants in such a study would begin by filling
out a background questionnaire pertaining to their (1) demographics, (2) performance
experience, and (3) health. Participants should provide their (4) age and (5) biological
gender, (6) years and quality of experience, and (7) information on their level of physical
activity and normal nutrition. These seven factors would then be used to categorize and
organize the data for later analysis. The first two factors, age and biological gender, have
been shown by Anderson, Kelly, Kerr, Clooney, and Jolley to be critical factors in a
person’s natural CRT.22 The third and fourth factors would be used to further categorize
players for later comparisons.
It is important to collect this information so that meaningful comparisons can be
made between performers. However, it is vital that future researchers precede any data
collection with obtaining approval from the Institutional Review Board (IRB). The IRB is
a federal group that oversees any and all research that involves human subjects. The
IRB’s purpose is stated on the FDA website:

The purpose of IRB review is to assure, both in advance and by periodic
review, that appropriate steps are taken to protect the rights and welfare of
humans participating as subjects in the research. To accomplish this
purpose, IRBs use a group process to review research protocols and
related materials (e.g., informed consent documents and investigator

B. Anderson, Kelly, A. M., Kerr, D., Clooney, M., and Jolley, D, “Impact of patient
and environmental factors on capillary refill time in adults,” The American journal of
emergency medicine 26(1) (2008): 62–65.
22
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brochures) to ensure protection of the rights and welfare of human
subjects of research.23

IRB approval is required for any human-related research that a researcher wishes to
publish; however, IRB approval is not needed to use a mouthpiece pressure device in a
lesson or classroom setting.
Beyond receiving approval from the IRB, the most important step of conducting
any kind of research into mouthpiece pressure is focusing the research to a specific
playing aspect. There are a number of different aspects that should be addressed, such as
mouthpiece pressure used in each register, consistency of pressure applied on a long tone,
consistency of pressure applied during flexibility studies, and pressure used during
dynamic shifts. It would also be valuable to evaluate each of these areas at different times
of the day (i.e., prior to warming up, after warming up, at the end of the day, etc.).
For an initial study, I believe that a basic control should be established that all
future studies could be based on. The most reasonable base for this control would be a
collection of data involving medium dynamic playing in the middle register (G4-G5)
since a vast majority of players can perform the most consistently in these conditions.
To increase the consistency even more, long tones and a lack of articulations
would make up the primary body of the study. It is unknown at this time whether

articulations have an effect on the amount of mouthpiece pressure and should therefore
be considered in later studies.

23

Commissioner, IRB-FAQs, (n.d). Retrieved December 23, 2020, from
https://www.fda.gov/regulatory-information/search-fda-guidancedocuments/institutional-review-boards-frequently-asked-questions
15

Below is an example of music I would use to establish this baseline of
information:

Figure 2. Suggested Exercise for Baseline Study.
This exercise meets the criteria for establishing a baseline for several reasons: the range
of the exercise remains within a comfortable distance from start to finish; each new
interval is either slurred to or initiated with a breath attack; there is ample occasion to
breathe; no dynamic marking is present so that the performer can play at whatever their
most comfortable dynamic is; the exercise is easily repeatable; the slow tempo allows for

ease of sight-readability; the use of the octatonic scale is foreign enough to not favor
those with familiarity. While there is no evidence currently to support the relationship
between familiarity with a passage to the amount of mouthpiece pressure utilized, it
would be best to remove that aspect from the equation to be studied at a later date.
The two systems that can be used to collect data on mouthpiece pressure are the
QuantiForce Live and the Mouthpiece Pressure Gauge I designed. The two systems
operate fundamentally different, which leads to both positive and negative aspects in
each. The system that any future researcher or educator decides to use will depend on
what their needs dictate.
The QuantiForce Live system has two primary boons in its favor: trumpet players
can use their existing mouthpiece with it, and there is a companion app for mobile
devices. The QuantiForce system clamps the trumpet player’s mouthpiece into a vice that
16

then suspends the mouthpiece within the mouthpiece receiver. The mouthpiece does not
fully make contact with the trumpet, which allows it to move within the system. These
small motions are then captured by the QuantiForce and outputted to a mobile device
companion app. This outputted data is displayed in a user-friendly manner that allows
them to see how much mouthpiece pressure is being applied, as well as angular pressure
being applied to the mouthpiece. This type of system would likely be best for a researcher
that is needing precise data collection.
Educators would likely find more practicality from the device I created, the
Mouthpiece Pressure Gauge. Unlike the QuantiForce, the system I designed does not use
the trumpet player’s own mouthpiece and instead is a fixed three-piece mechanical
system. These three pieces are comprised of the backbore, the throat section, and the
pressure gauge. The design of the backbore and the throat section pieces allows for the
entire system to compress and extend without compromising the air seal. Because this
system is air-tight, the sound quality of the performer is not compromised, and the
acoustics of the instrument are unaffected.
With the backbore and the throat sections being able to move in the same fashion
as a piston, it takes the pressure gauge itself to support and maintain these part’s
alignment. The pressure gauge is made from the Baseline 12-0203 Pinch Gauge. This

device is originally intended for use in physical therapy to measure a patient’s pinch
strength. A displacement pin extends through the device and is translated to the dial
display when the device is compressed and then released. The backbore and the throat
section are attached to this through holes drilled and threaded through the gripping point
on the gauge.

17

The design of the Mouthpiece Pressure Gauge allows for a system that is
completely contained and usable in any setting. This would be best for individuals that
wish to quickly view and address the amount of mouthpiece pressure being applied by a
student or subject. Despite the main portion of the system being fixed, users are still able
to attach any mouthpiece top that uses the threading system employed by Pickett Brass
and Warburton.

18

CHAPTER FOUR
DATA ANALYSIS
Introduction and Grouping Methodology
Future researchers should also consider the medical publications involving
capillary refill rate before deciding to undertake this study. Within the bibliography I
have included several of the most notable medical publications that contain potentially
pertinent information for the various avenues of research.

INCLUDED PUBLICATIONS ON CAPILLARY REFILL
Anderson, Kelly, Kerr, Clooney, & Jolley
Impact of patient and environmental factors on capillary refill time in adults
Brown, Prasad, & Whitley
Adverse lighting condition effects on the assessment of capillary refill
Devroop & Chesky
Comparison of biomechanical forces generated during trumpet performance in
contrasting settings
Gorelick, Shaw, & Baker
Effect of ambient temperature on capillary refill in healthy children
Gorelick, Shaw, Murphy, & Baker
Effect of fever on capillary refill time
Lewin & Maconochie
Capillary refill time in adults
Schriger & Baraff
Defining normal capillary refill: variation with age, sex, and temperature

19

As evidenced from this partial list of medical publications, researchers must consider
many factors when grouping experimental subjects together for comparison. Bear in mind
that any chosen grouping is also beholden to IRB approval. It is important to have a
strong argument for your chosen comparisons prior to seeking approval in the event that
you need to argue your case.
The most applicable publication to anyone pursuing this line of research is
“Defining normal capillary refill: variation with age, sex, and temperature”24:
Capillary refill has been advocated as an indicator of perfusion status
(shock) in seriously ill patients. An upper limit of normal of two seconds
has been recommended; there is no published evidence that supports this
value. To investigate the validity of the two-second upper limit of normal
and to examine the variation of capillary refill with age and temperature,
we measured capillary refill in 100 healthy child, 104 adult, and 100
elderly volunteers. In addition, 20 adults were measured before and after a
one-minute immersion in 14 C water. Median capillary refill times for the
young female, young male, and adult male volunteers were 0.7, 0.8, and
1.0 seconds, respectively. These times were significantly shorter than
those of the adult women, elderly women, and elderly men groups, whose
median times were 1.2, 1.5, and 1.8 seconds, respectively.25

In this study, Schriger and Baraff found that there is a stark difference in the capillary
refill times between men and women, as well as between young and older people. This
would seem to indicate that the most reasonable course of action would be to establish a

base control study that compared people of similar gender and age against one another.
Future research would be beneficial to examine these groups against each other, however

D.L. Schriger, and L. Baraff, “Defining normal capillary refill: variation with age, sex,
and temperature,” Annals of emergency medicine 17(9) (1988): 932–935.
24

25

Ibid., i.
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that would go beyond the scope of establishing a link between mouthpiece pressure,
capillary refill time, and momentary endurance.
The grouping would need to go a step further than simply grouping people by age
and gender, however. It would, for example, be unreasonable to compare a middle-aged
male that has just started playing to a middle-aged male that has been performing his
whole life. There would likely be obvious differences seen in the data in regards to
momentary endurance, regardless of how the other factors compare. Another obstacle
would be the inclusion of any transgendered individuals, or individuals that do not
identify with their biological birth gender. A separate study would likely be necessary to
establish if hormone treatments affect capillary refill time.
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CHAPTER FIVE
CONCLUSION
There are many directions that future researchers could go based on data they
collected. If, for instance, there is an indication that mouthpiece pressure is a hindrance to
performance, then it would further solidify the belief already held by a majority of
educators. However, the reverse could also be just as feasible: that mouthpiece pressure
actually enhances performance. If that were to be true, educators would have to
reevaluate how they approach a fundamental portion of their playing and teaching.
Despite the countless possibilities that this path of research could contain, it is
also important to note that a single study will not be enough to change the way educators
teach. Numerous further research opportunities and ideas have been mentioned in the

previous chapters and even more that have not been discussed will be needed.

LIMITATIONS OF SUCH A STUDY
Due to the void of research on the alternative applications of CRT there is no existing
evidence to show that CRT has a direct relationship to the underlying muscle fibers. A
correlation must be successfully drawn between recorded CRT and momentary endurance
in order to show the validity of this relationship. Other factors that will cause limitations
include inconsistent pressure application while blanching, pre-study fatigue from prior
performing obligations, and the amount of warmup the subject has done. It is reasonable
to assume that further limitations will present themselves leading to further topics of
study.
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This dissertation was initially intended to conduct the data gathering and analysis
that was discussed. Due to the 2019 SARS-COVID-19 outbreak, there is no current
avenue for researchers to conduct a study of this type.
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Part II: Recitals

Taylor Gustad, Trumpet
In a DMA Trumpet Recital
With Robert Jeter, Piano
Steve Siegel, Trumpet
Friday, April 14th, 2017, 8:00 PM
Recital Hall, Singletary Center for the Arts
University of Kentucky
PROGRAM
Ascent (2016)

Jason Dovel
(b. 1981)

Concerto for Trumpet in E-flat (1803)
I. Allegro con spirito
II. Andante
III. Rondo

Johann Nepomuk Hummel
(1778–1837)

Gavotte De Concert (1950)

Heinrich Sutermeister
(1910–1995)
INTERMISSION

Gabriel’s Oboe (1986)

Ennio Morricone
(b. 1928)

Concerto for Trumpet and Piano (1950)

Alexander Arutunian
(1920–2012)
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PROGRAM NOTES
Ascent – Jason Dovel
A work written by Dr. Jason Dovel, Ascent is a wonderful piccolo trumpet duet
that features dissonance, rhythmic complexity, and virtuosic elements. Dr. Dovel
currently teaches trumpet at the University of Kentucky where he has been successful as
both an educator and an active performer. Here are his own words to describe this
recital’s opening work:
Ascent for two piccolo trumpets is a quick one-minute jaunt that was
written in 2016. It features forceful dissonances, incisive rhythms, and a
sense of building, upward motion. It was written to be a flashy concert
opener. It is also the title track of Jason Dovel's 2016 CD, Ascent: New
Music for Trumpet, which was released by New Branch Records. Ascent is
available directly from the composer, www.JasonDovel.com26
Concerto in E-flat major – Johann Nepomuk Hummel
This concerto was composed by Johann Nepomuk Hummel in 1803 to be
performed by Anton Weidinger at the Esterházy court. It was originally written for solo
keyed trumpet—an instrument that was perfected and performed by Weidinger—flute,
oboe, clarinet, horn, timpani, violin, viola, cello, and double bass in the key of E major. It
was not until later that the piece was transposed into the key of E-flat, and both keys are
still frequently performed to this day. Typically, orchestras will prefer E major, while
wind ensembles and pianists will often prefer E-flat major.
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Jason Dovel, Ascent: New Music for Trumpet. B01M33I7OR, 2016, CD.
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The work is broken up into three movements, “Allegro con spirito,” “Andante,”
finishing with “Rondo.” Hummel, a “grand-student” of Haydn (via Mozart), closely
related this piece to Haydn’s own Concerto in E-flat for trumpet in many ways. One
notable performance practice characteristic of this piece is that trills will be played from
the primary note, not the upper neighbor. This seems uncharacteristic for the Classical
period, but in a treatise written by Hummel himself, he clearly states his preference
for the initiating tone.
Gavotte de Concert – Heinrich Sutermeister
This is the only piece written for solo trumpet by Swiss composer,
Heinrich Sutermeister. Sutermeister was most popular in Germany and Switzerland
during the 1930s through the 1970s primarily as an opera and choral composer, but he
also ventured in to the realm of solo literature, composing two concertos for both the
piano and the cello, as well as this work.
Sutermeister’s Gavotte de Concert is a relatively unknown piece in the repertoire
of trumpet music, but the acrobatics, musicality, and energy of the piece make it stand up
to some of the major canonic works. It was originally written for Belgian trumpeter,
conductor, and musicologist, Franz Wangermée. Following a typical sonata form and
being of a light whimsical nature, the very first thing that the trumpet plays is also the
quirky closing statement.
Gabriel’s Oboe – Ennio Morricone
Gabriel’s Oboe is a wonderful work composed by Ennio Morricone as the main
theme for the movie The Mission (1986). The work has since been adapted and arranged
for a plethora of solo instruments and accompanimental ensembles. One of the most
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recent major performance of this work was for orchestra and solo piccolo trumpet
by Ryan Anthony at the 2015 CancerBlows event. This work has also been arranged into
a vocal piece by Hayley Westenra in 2010. Featured on her album Paradiso, she set the
existing melody to the hymn Whispers In a Dream, which is also the name of the track.
Concerto for Trumpet and Piano – Alexander Arutunian
This is the final piece on my recital and is one of the most iconic and recognizable
solos in the trumpet repertoire. Alexander Arutunian was an Armenian composer that was
famous throughout the USSR for his film scores, symphonies, cantatas, and chamber
music compositions, but it was this concerto that propelled his name and works into the
Western nations.
Containing three main themes, this work is a symphonic poem of Armenian folk
tunes and popular themes. Of particular interest are the two slow sections that draw from
the Duduk, an Armenian double-reed instrument, that is characteristically rich sounding
and is typically featured playing incredibly expressive melodic lines. The cadenza at the
end of the piece is from Timofei Dokshitzer’s 1966 performance with the Boston
Pops. (CD INDE058)
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Taylor Gustad
In a New Horizons Performance
With Michael Hudson, Conductor
Tuesday, April 18th, 2017
Centenary United Methodist Church
Lexington, Kentucky
PROGRAM
A Trumpeter’s Lullaby (1949)

Leroy Anderson
(1908–1975)
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PROGRAM NOTES
A Trumpeter’s Lullaby was written by Leroy Anderson in 1949 and premiered by
the Boston Pops in 1950. Anderson was an American composer that lived from 1908 to
1975 and is most commonly known for his orchestra pop work, Sleigh Ride. Along with
that piece’s iconic “horse whiny,” trumpet players also associate Anderson with Bugler’s
Holiday and A Trumpeter’s Lullaby.
Anderson wrote A Trumpeter’s Lullaby for Roger Voisin, a prominent trumpet
player during the mid to late 1900s. Voisin made a request to Anderson for a feature solo
trumpet work that broke from the typical style of militaristic fanfare. The following is a
quote from Anderson about making the request:
…(A Trumpeter’s Lullaby) had its beginning backstage at Symphony Hall
in Boston. In addition to composing and conducting, I was arranger for the
Boston Pops Orchestra for a number of years—and after one of the
concerts I was sitting talking with the conductor, Arthur Fiedler, and the
first trumpet of the Boston Pops, Roger Voisin. Suddenly, Roger Voisin
asked me why I didn’t write a trumpet solo for him to play with the
orchestra that would be different from the traditional trumpet solos, which
are all loud, martial, or triumphant. After thinking it over, it occurred to
me that I had never heard a lullaby for trumpet, so I set out to write one—
with a quiet melody based on bugle notes played by the trumpet and with
the rest of the orchestra playing a lullaby background.27

This quote from Leroy Anderson in 1949 shows that the origin of the work
matches the careless, whimsical nature of the melody he created. Anderson’s lullaby for
the trumpet does contain the martial fanfares most commonly associated with military
bugles while the orchestra plays the lullaby theme, however they serve as ornamental
27

Leroy Anderson, PBS.com, accessed June 30, 2021,
https://www.pbs.org/sleighride/Video&Music/Compositions_TrumpetLullaby.htm.
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accents rather than the primary melodic feature. The trumpet picks up the melody often,
but the function of the trumpet soloist is primarily more of an ornamental texture. The
middle section of the piece exemplifies this with the trumpet arpeggiating the melody’s
chordal structure the orchestra is playing, with a quintessential bugle-call style.
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Taylor Gustad
In an International Trumpet Guild
Conference Performance
“New Works” Recital
With Steven Siegel, Trumpet
Friday, June 2nd, 2017
First United Methodist Church of Hershey
Hershey, Pennsylvania
PROGRAM
Ascent (2016)

Jason Dovel
(b. 1981)
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PROGRAM NOTES
Ascent – Jason Dovel
See page 24.
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Taylor Gustad, Trumpet
In a DMA Trumpet Recital
With Robert Jeter, Piano
Sunday, April 29th, 2018, 7:00 PM
Recital Hall, Singletary Center for the Arts
University of Kentucky
PROGRAM
Sonata per Clarino (c. 1743)

Carl Heinrich Biber
(1681–1749)

Concerto in E-flat (c. 1750)
I. Allegro
II. Largo
III. Vivace

Johann Baptist Georg Neruda
(1711–1776)

Thema and Variations (c. 1860)

Anonymous, arr. by Louis Kehrhahn
arr. and edited by H.M. Lewis (1995)
INTERMISSION

Four Miniatures (2000)
I. Fanfare

Joseph Turrin
(b. 1947)

Lied (1976)

Eugène Bozza
(1905–1991)

Vocalise for Unaccompanied Flugelhorn (1977)

Two Portraits (1995)
I. Psalm
II. Incantation

Frederick A. Beck
(b. 1946)
Joseph Turrin
(b. 1947)
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PROGRAM NOTES

Sonata per Clarino C-Dur – Carl Heinrich Biber
Salzburg-born Carl Heinrich Biber was a late Baroque composer and violinist that
served as Vicekapellmeister in the Salzburg court. It was during his tenure with the court
that he wrote Sonata per Clarino C-Dur, a piece originally written for baroque trumpet
but now played frequently on the modern piccolo trumpet in A. The three movements
“Allegro assai,” “Aria,” and “Presto” are an excellent representation of the baroque style
with repeated sections with improvised embellishments, beautiful counterpoint, and a
formal dance structure. The first movement is a rounded sectional binary form with
repeated A and B sections. The first time through each section is played as written with
embellishments added on the repeat. While the modern piccolo trumpet is capable of
chromatic pitches, the ornamentations will be true to the style of the period and the
capabilities of the instruments of that time. The second movement is a slow aria for the
pianist, an appreciated respite for the trumpet player. After the Aria movement comes the
final Presto. This is a spritely movement that brings the piece to close in the same fashion
as the first movement.
Concerto in E-flat – Johann Baptist Georg Neruda

Originally written for the corno da caccia, Neruda's Concerto in E-flat is a
wonderful contrast to the Haydn and Hummel concertos written forty years prior to
Haydn’s concerto. This piece has the usual flowing melodic lines and opportunities for
ornamentation, but the focus on syncopation in the melody and the presence of hunting
horn calls sets the piece apart from the other Classical era compositions. The corno da
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caccia, which translates to “hunting horn,” had the ability to perform chromatically
before the trumpet through the use of hand positioning and was written before the Haydn
or Hummel concertos, sometime between 1740 and 1775. There are three movements to
this work: “Allegro,” “Largo,” and “Vivace.”
Thema and Variations – Anonymous, Arr. by Louis Kehrhahn
Little is known about the origin of this light-hearted theme and variations solo. Louis
Kehrhahn (birth and death dates unknown) was a cornetist for the Salem Brass Band
during the 1860’s known for his impressive technical abilities. According to Thomas
Carroll in the Historical Collections of the Essex Institute Vol. XXXVI, PN 4 published
in 1900, Kehrhahn “always brought the house down” when he performed Carnival of
Venice. This piece does not quite call for the acrobatic techniques of the aforementioned
piece, but it does follow the same basic structure. The work begins with a statement of
the theme and is followed by alternating piano interludes and variations. Five variations
with a closing polka section manipulate the theme in various ways. The first is a highly
syncopated version, the second a triplet variant, and the third is set to adagio and in a
minor key. The quick tempo returns in the fourth variation of running sixteenth notes.
Variation five acts as the coda as the familiar theme is featured more clearly than before
in the style of a polka.

Four Miniatures – Joseph Turrin
Joseph Turrin is the first living composer being featured on this recital; his works
range from solo instrumental pieces film-scores, broadways musicals, and the symphony
orchestra. Four Miniatures was written in 2000 and describes perfectly how it is
comprised. Four short movements of contrasting textures and styles come together to
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create the whole, but only the first movement, Fanfare, will be performed this evening to
herald in the second half of the recital.
Lied – Eugène Bozza
Translating from German to “Song,” this work is a short and beautiful work for
piano and C trumpet written by French composer and violinist Eugène Bozza. Bozza was
a prolific composer of solo and chamber works for brass, strings, and woodwinds. He
wrote this piece one year after he retired from his position as director of the École
Nationale de Musique in Valenciennes, France.
Vocalise for Unaccompanied Flugelhorn – Frederick A. Beck
Frederick Beck is a trumpet player and composer from Vermont that has been
teaching and performing professionally since the 70s. He wrote this unaccompanied piece
for flugelhorn during the first year of his Doctor of Music degree at the Eastman School
of Music. There are several markings on the part; however, much of the interpretation is
left to the performer. Four primary sections make up this piece, an initial motivic
introduction, an eighth-note section in eleven-eight, a melodic contrasting section, and a
faster development of the eleven-eight section—now in eleven-sixteen. The piece
concludes with a short recapitulation of the opening motivic idea.
Two Portraits – Joseph Turrin

Written for the 20th anniversary of the International Trumpet Guild, this
composition by Joseph Turrin beautifully features both the B-flat trumpet and the
flugelhorn in two movements entitled “Pslam,” and “Incantation.” The first movement
begins with an iconic flugelhorn cadenza followed by a section of hemiola between the
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flugelhorn and the piano. The second movement is quite a bit more aggressive than the
first with forcefully articulated passages and a fairly constant change of meter.
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Taylor Gustad, Trumpet
In a DMA Trumpet Recital
With Robert Jeter, Piano
Kaitlin Bove, Narrator
Saturday, March 30th, 2019, 4:00 PM
Niles Gallery, Lucille Caudill Little Fine Arts Library
University of Kentucky
PROGRAM
Concerto pour Trumpette et Orchestra à cordes (1966)
I. Largement
II. Lent et calme
III. Vivace-gai et léger
Legend for Trumpet and Piano (1906)

Robert Planel
(1908–1994)

Georges Enesco
(1881–1955)

INTERMISSION
Animal Ditties II (1983)
I. The Turtle
II. The Python
III. Hyena
IV. Hog

Anthony Plog
(b. 1947)

Kaitlin Bove, Narrator
Sonate fur Trompete und Klavier (1935)
I. Allegro appassionato
II. Adagio, molto cantabile
III. Allegro agitato

Karl Pilss
(1902–1979)
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PROGRAM NOTES
Concerto pour Trompette et Orchestra à cordes – Robert Planel
Robert Planel was a twentieth-century French composer and violinist that wrote
for several different genres. These included works for orchestra, wind ensemble, sacred
music, choir, musical theater, chamber music, and more. During his time studying violin,
composition, and counterpoint at the Conservatoire de Paris he was the recipient of the
prestigious Prix de Rome, allowing him to study at the prestigious Académie de France in
the Villa Medici. Shortly thereafter, with the second World War coming to an end, he
became the Inspector General in Paris where he was able to significantly help the musical
institutes of the city.
Planel’s Concerto for Trumpet and String Orchestra is a three-movement work
that was later adapted for trumpet and piano The first movement begins with a fanfare
punctuated by powerful chords from the piano. This section, until measure eleven, is in
three-four time; however, the pulse is relatively obscured and lacks strong downbeat
arrivals. Planel sets the musical stage for the remainder of the work in doing so. A pulse
can readily be felt after the introductory section, but the piece then begins to shift
between various time signatures, both in duple and triple meter.
The second movement is one of the more musically powerful in the trumpet
repertoire. Muted for a large majority of the time, the haunting melody explores the range
and dynamics of the instrument. This movement alternates between the trumpet and the
piano for musical dominance, becoming more of a sonata than a concerto.
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The final movement is a spritely conclusion to the ponderously emotional second
movement. Alternating duple and triple meters in six-eight and five-eight keep the
listeners on their toes as themes from the first and second movement make reappearances.
Legend for Trumpet and Piano – Georges Enesco
Regarded as one of the most important musicians to come out of Romania,
Georges Enesco was a highly accomplished conductor, violinist, and pianist. This is more
than evident in the fact that his hometown of Liveni was later renamed to George Enescu.
His first significant surviving work, entitled Romanian Land was written while he was
only five years of age. His early life is littered with musical accomplishments rarely seen
since the child prodigy, Wolfgang Amadeus Mozart. By the age of fourteen he was
studying with Fauré in Paris and had several meetings with his idol, Johannes Brahms.
These were no doubt critical influences on his life and this masterful work for trumpet
and piano.
Legend for Trumpet and Piano is among the most readily recognizable
compositions in the repertoire. The first statement can mean a lot of things to the listener
and the performer: melancholy, sorrow, hope, despair, or perhaps a combination of
several different emotions. This musical tension is then hurled forward by a change in
rhythmic intensity. The introductory section returns in a muted and syncopated

recapitulation and calls forth the flood of emotions.
Animal Ditties II – Anthony Plog
Anthony Plog is an American composer and trumpet player that still leads a
relatively active life. Writing for a myriad of genres, including two educational method
books for trumpet, he is most prolific in his output of chamber music. There are seven
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compositions with the title “Animal Ditties” for various instrumental setups. The most
readily recognizable being for brass quintet and narrator (written 1987).
Each movement musically captures the comedic aspect of each animal: The
Turtle, The Python, the Hyena, and the Hog. With the help of the narrator, the audience is
guided through each brief humorous scene. The piece ends with a question for the
audience, what will your answer be?
Sonate fur Trompete und Klavier – Karl Pilss
Austrian composer, painter, conductor, and pianist Karl Pilss (alternatively
spelled Pilß) was a classically trained artist of the mid-twentieth century. After his time
studying at the Vienna Academy of Music, he became a Kapellmeister and choir director
at the Vienna State Opera. His musical activities were various during his lifetime,
including directing the studies at the Salzburg Music Festival and later teaching at the
Vienna Academy of Music.
Pilss' Sonate fur Trumpete und Klavier is a hallmark of the trumpet repertoire.
Each movement is incredibly stylized featuring its own distinct fanfare sections. The first
movement alternates between these fanfares and softer melodic sections while traversing
innumerous tonal areas. The piano part alone could almost be considered a solo work
unto itself, truly making this a sonata.

The heroically beautiful second movement is another high point for this recital,
especially the transition from the first movement to the next. The end of the second
movement blends these two sections together for a sobering conclusion.
The final movement could not be more fitting for the conclusion of my final
Doctoral recital. The triumphantly busy texture keeps the audience on the edge of their
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seats until the very end. The final section of this movement blends themes and motives
from all three movements in a spectacular display of musical closure.
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Taylor Gustad
In an International Trumpet Guild
Conference Performance
“New Works” Recital
With Miriam Hickman, Piano
Friday, July 12th, 2019
Ashe Auditorium, Hyatt Regency
Miami, Florida
PROGRAM
Sonata for Trumpet and Piano (2017)
I. Declamatorio

David Sartor
(b. 1956)
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PROGRAM NOTES

David Sartor (b. 1978) is an American composer and educator that has written for
numerous mediums during his career. Sartor is based out of Tennessee where he is an
adjunct professor of music at Middle Tennessee State University.28
Sonata for Trumpet and Piano was written in 2017 as a dedication to the trumpet
professor at Middle Tennessee State University, Michael Arndt. Arndt won the trumpet
professor position there in 2002 while he was still completing his Doctor of Musical Arts
degree from Arizona State University.29
The composition is broken up into three movements: “Declamatorio,” “Mesto e
senza fretta,” and “Allegro vivace.” Sonata for Trumpet and Piano has a performance
time of twenty-one minutes and is written for trumpet in C.
This performance of Sartor’s composition took place at the International Trumpet
Guild “New Works” Recital in 2019 and only featured the first movement.

“David P. Sartor,” Wikipedia (Wikimedia Foundation, December 23, 2020),
https://en.wikipedia.org/wiki/David_P._Sartor.
29
“Faculty,” School of Music: Middle Tennessee State University, accessed April 22,
2021, https://www.mtsu.edu/music/faculty.php?faculty=marndt.
28
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Taylor Gustad, Trumpet
In a DMA Lecture Recital
Tuesday, June 11th, 2019, 1:30 PM
Holmes Hall
University of Kentucky
PROGRAM
Slideshow Presentation

Taylor Gustad

Purpose
Defining Terms
Initial Raw Data Display
Mouthpiece Pressure Gauge
Data Collection Method
Comparing Pressure to CRT
Demonstration
Performing the Endurance Exercise
Ryan Haiyan
Brian Walker
Vince DiMartino
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PROGRAM NOTES

The physical demand put on brass players on a daily basis is near the forefront of
concerns in the minds of both performers and educators. Innumerous method books seek
to address this performance aspect from different angles, generally with one of two
primary goals in mind: muscle strength and muscle efficiency. Each of these can be
successfully addressed in various ways, often one method being more effective than
another depending on the anatomy of the player. These techniques often follow a bruteforce process and lack the foundation of scientific research that other physical and
athletic activities benefit from. Comparisons can certainly be drawn from these studies
conducted on larger muscle groups, however, seemingly none take into account the
biological process known as capillary refill time.
This lecture recital seeks to inform the trumpet community of the process in
which these issues can be addressed, display the new technology invented to collect data,
and show the initial findings obtained in the exploratory research phase.
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